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EW?4MARY --

Threecentrif~alimpellers,the,eameexceptforangularbl@e
curvature,wereinvestigatedtodetermf&the-effect”of-&e--di%-bribu--‘-

.

tionofbladeloadingon impellerperformance.The_bladecurveiitires
aregemuetricallydefinableshapesandthedifferencesinblade”-“
loadingwerecompazzeton thehastsofparticle-travelwithccniei%int‘
axialvelocityalongthebladesurface-.fipellkmA hasa para%ol%5 ““
bladecurvatureanda oonstantbladeloading.ImpellerB tiean
ellipticalbladecurvaturewitha loadingthatdecreaseswith
increasingimpellerdepthandthathasa hi,gherinitialvalue-than”’
thatof impellerA. MpellerC hasa circularbkde’curvaturetitli
thehighestinitialbladeIoadfng,whichalsodecrea-aedwith
increasingimpefierdepth,Thebladecurvaturesof impellerbA
andB extendthefulldepthoftheimpellers;thebladecurvature
of impellerC etiends0.60oftheimpellerdepth. Theblades-6l-
impellerC havea ?.= forwardinclinationaf theimpellerdi~c%r~e;
Thethreeimpellerswereinvestigatedwitha vanelessdiffuserin ‘-
a ve.ri.able-compcnentcompressorteatrigwiththesfiecbnd~t~o’m—
andinstrumentation.

EupellerB hadthehi~estpsakadiabaticefficiencyatall
equivalenttipspeedsexcept1400and1600feetPeti’eecond.‘
hpellerC hadthelowestpeakadiabaticefficiencyofallthree’
impellersat equivalenttipspeedsabove1000feetpersecondbut
thelargestslipfactorofan tmee inipell%rsat allequivalent
tipspeeds.Tiievariationofpressureratioatpeakadiabatic
efficiencywithequivalenttipspeedwasmorenearlythesamefor
thethreehnpellersthanthevariationof slipfactorandpeak - -
adiabaticefficiency.13qellerC hadthelargestmaximumspecific
capacityat allspeeds;impellerB hadnearlythesamemaxti
specificcapacityas tipellerC;@ impeller“Ahadfrck6 to 11-per-
centlowermaximumspecificcapacitythanimpellerC, Iiupell.erE
hadthelargestoperatingrangeabovean adiabaticefficiencyof
0.70at a pressureratioof1.80,andimpell&A b-iithelar$6%t
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cperatqingrangeaboveanadiabaticef’ficlenoyof0.70frmnpressure
ratlo5of2.20to3.00. ImpellerC hadtheSmalles&operatlng
rangeabove0.70adiabatic,efflolencyat allpressureratioakotween
1.80and3.00.

HVTRODUCTION

An investigationhasbeenmadeoftheperfozmanoeofthree
centrifugal-typeimpellerstodeterminetheeffectofthreedifferent
diatributlcmsofbladeloadingontheefficiency,thepressureratio,
theflowcapacity,andtherange.‘Thethreeimpellershavethesame
Innerandouterdiametersandthecamedistributionsoticurvakure
overthefrontandmar shrouds.Theleadlngedgesofthethree
impellersweredeefgnedtohaveshockleasentryat themme airflows
andhpellerspeeds.Thevariationsinbladeloadingwereachieved
by differentdistributionsofthecurvatureof thecylindrical
surfacesgenerat~ theblades,Theseimpellers,beingoftheS-
externalgeometry,weretestedinthssameinstallation.

—

.,

Thisinvestigationisa continuationof theresearchpresented
inreferences1 and2. ThesccpeoftheinvestigationreportedIn
thesereports,however,waalimitedtothattypeof impeller in

I

whichtheangularvelocityoftheairisacceleratedtotheangular
velocityoftheir~pellerbeforeanyappreciableccmrpressionby
centrifugalforceisallowed.Thebladeloadingin theirile*section,

6

or inducer,isthushigh,owingtothelargeangularaccelerations
impartedtotheair. As theflowproceededthroughtheinletsection,
theangularvelocityoftheairapproachedthatof theimpeller,and
thebladeloadingsuddenlydecreased.

.-—

Itwasfearedthatthissuddenreductioninbladeload@ at the
endoftheinletseotioncausedirretrievablepressurelosaeo
resultlngfromflowseparation.Theselossescanbe lessenedor even
preventedby insuringthatno sensiblereflectioninangularaccelera-
tionoccursbeforetheCorioll.sacceleration,resultingfroman
increaseintheradiuscfrotation,iswelldeveloped.

Thecurvatureofthebladesurfacesforoneoftheimpellersof
thepresentinveetlgationIsofthesametypeas thoseofthehducm?s
reportedinreference1. Thecurvatureisdistributedcontinuously
throughout-theentiredepthof theimpeller;and,at eachpointwith-
intheimpeller,angular@ Coriolisaccelerate-weres~l*eouslY ...
impartedtotheair. Thecurvatureofthefrmt andrea&shrouds
wasdesignedtoavoidanyabmpt changesh bladeloadl.IQ.T%eothor
twoimpellersweredesignedtohavesuccessivelyincreasingblade .$-
loadingsneartheimpellerinlet.
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Thisreportpresentsa comparisonoftheperformanceofthe
threeImpellersovera rangeoftipspeedsandvolumeflows.The
performmcecharacteristicscomparedincludetheefficiency,the
slipfactor,themaximun-flowcapacity,therangeofflowj@idthe
pressureratio.

IMEWLTXR13ESIGN

Eachof thethreeimpellersused inthisinvestigationhas
18blades,thesamebllade-entranceangles,andthesami-entrancx”
anddischargediameters.Tbeblade-entranceangleisdefinedas
thecomplementoftheacuteanglebetweenbladeaat theentrance ‘--
edgeanda planeperpendiculartotheaxisofrotation.Theblade-
entranceangleforeachof theseimpellersis60°at thebladetip
andthetangentof theanglevfiieslinearlywithimpellerradius..!- ----

An axial-planesectionforthethreeimpellers(A,B, andC),
withthepertinentdknsions given,is showninfigure1. Impes-
IersA andB havea radialentranceedgeand+~pellerC-has-an
entranceedgethatdeviatesfromtheothereas shownby thedotted
lineinfigure1. ‘Ikeindicateddifferenceintheentranceedge “--”
of impellerC from‘&t of impellereA andB istheresultofthe
necessityforkeepingtheent~~nce&i@e-sofallthreeImge”l.lers
thesameatallradii.Theentranceedgesofallthreeb@ellers
weresharpenedtoa maximumradiusof0.024inch.Frontviewsof
impellersA, B, andC areshowninfigure2. —.

Thebladecurvatureof impellerA isillustratedinfigure3.
Figure3(a)showsa cylindricalsectionthathasa diameterequal
totheoutsidediameterof theimpelleranda lengthequalto the
axiallengthoftheimpeller.Thebladesurface(shaded)consists
ofradialelementsandtheintersectionofthecylinderwiththe
bladesurfacedefinesthebladecurvature.Theportionofthe
bladesurfaceusedby theimpelleris sho’wninfigure3(b). ThO
boundingaxial-planecurvatureswerechosento,preventexceskive
adversepressuregradientsat equivalentti~s~eedsbelow
1200feetpersecond.

Thepassagearea,taken~rpendiculaytoa mean-flow-path
lineformedby rotatingeachradialbladeelementinto&n axial
cross-sectionalplaneoftheimpeller,~“sccnstant.

Thebladecurvatureof impellerA (fig.2(a))correspondsto
thatofa parabolaonthedevelopedsurfaceofthecylinder.This

-1
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curvatureextendsthefulldepthof theimpellerandissooriented
thata particlefollowingthebladewitha constantax:alvelocity
‘wouldhavea co~stantemgulmacceleration”.Thebladecurvatureof

..I
ImpellarA isnsarlythesameas thatof the4-inchInducerofref-
erence1.

Thebladecurvatureof ImpellerB (fig.Z(b))wasformedinthe
samemanneras thatofimpellerA but,forimpellerB, theblado
cmvaturecorrespondstoan ellipseonthedevelopedcylindrical a
mn’face.Thiscurvaturealsoextendsthefulldepthoftheimpeller.

—.I

A particlefollowingthebladeof impellerB wouldhavea higher
initialvalueofangularaccelerationthana particlefollowingthe
blade“ofimpellerA, anditwouldhavoa decreasingrateofangular
accelerationas ItprogressedthrwghtheimpoUer.

Theblademrfaceof ImpellerC wasformedina differentmanner
fromthebladesurfacesof impellersA and”13.Thebladeelements

—-

arencmradialbutareInclinedinthedirectionofrotation
#o
~ toa radid lineat-the“tipeller-di.sihar~e.T%einletportion

—

of thebladesurfacesfopthefirst60percentofthehpelleraxia3.
—
F

depthgeneratesa oircularcylinderandthe~wmainderoftheblade
surfacegenerateua planetangenttothecircularcylinder.A

.-

particlefollowingthebladewitha constantaxialvelocitywould ●

havea hi~er initialvalueof-angularaccelerationthana particle
followingthebladeof-impellerA orB, anditwouldhavea decreasing

.

angularaccelerationas itprogressedthroughtheimpeller,

Whentheairisaseumedtnflowalongthesurfaceoftheimpeller
blades(theassumptionofan infiniternunberofblades),therateof
pressureincreaeeat theentrance,owingto theincreaseinan@hr
velocity,wouldbe lowestforimpellerA andIncreaeeintheorderA,
B, andC.forthethreeimpeller8.Fortheconfigurationof thethree
impellersandtheassumptionofan infinitenumber-ofblades,the
averageangularvelocityleavingtheImpellerwouldbe highestfor
impellerC andlowstforimpellerA. At Shedischargetheair
velocityof impellersA andB wouldbe theeameat themaximrln —
Impellerdepth,butat allotherpaintsat thedischargetheair”
‘iwlocttyof impellerB wouldbe higherthemthatof impellerA.

APPAIWTUSANDPROCEDURE

TestRig

A variable-componentcompressortestrigconformingtothe
recommendationsofreference3 wasusedforthisinvestigation,A

r 1
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schematicviewofthisapparatusisshowninfigure4. Thecollector
casingisenolosedinan insulatingbox,thewallsofwhichare
composedof one-quarterinchofhardasbestos,1 inchof insubting“ “-
board,andone-halfinchofplywood.TheimpellersWeredriven
witha 1500-horsepowerinductionmotorthrougha step-upgear.The
collectorcasingwasmountedseparatelyfromthegearboxtoreduce
heattransferbetweenitandthegeardrive.Thearrangementol”the
equipmentis showninfigure5.

The
vaneless
impsher

tapsand

impellersweretestedin conjunctionwitha 24-inch-dismeter
diffuserof constantarea.Everycomponentpartexceptthe
wasthesameforalltests.

Instrumentation

equipmentwasinstrumentedwiththermocouplesandpressure
tubeslocatedinconformancewithreference3. This

instrumentationprovidesan entr~oemeasuringstation2 pipe
diametersupstre~oftheimpeller,andtwodischargemeasurf”ng
stations12pipediametersdownstreamof thecollectorcasing.In
additionto thestandardinstrumentation,pressureandtemperature
measurementsweretakenat thediffuserdischarge.Threeshielded
total-pressurerakescomposedoffivetubeseachwereequally
spacedaroundthediffusercircumferenceforthepressuremeasure-
ments.Theserakeswereinsensitivetoangleofyawupto+44°.
Twocalibratedthermocoupleswereplacedmidwaybetweenthefront
andreardiffusersurfaces180°apartforthetemperaturemeasure-
ment. Thesethermocoupleswerea high-recoverytype,insensitive
toangleofyawup to+20° and similartothePratt& Whitneyprobe
describedinreference4. Thetotalpressuresendtemperatufis
measuredat thediffuserdischargewereusedforthecomparative
performanceof theimpellersinthisinvestigation.

Eachimpelleris chargedwiththepressurelossthatoccursin
thediffuserbutnotwiththe10SSindpamiopressurethatoccurs
inthelargecollectorchamber.Thetemperaturemeasurementat the
diffuserdischargewasusedbecauseithasbeenfoundthatthis
procedureallowstheperformancetobe corre~t+edat allinlet-air .-

temperatures,whereastheperformanwbasedupondischarge-pipe
temperaturesdoesnotoorrelateatallinlet-airtemperatures.At
mbientinlet-airtemperatures,theefficienciesbasedonthe
diffuser-dischargetemperatureswereasmuchas 0.04lowerthan
thosebasedon temperaturesmeasuredinthedischargepipe.
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Allthreeimpellerswwe inves-tig~tedwithatmosphericand
refrigeratedinletairinaccordancewithreference@3 and5. For
eachtesttheequivalenttipspeedwasheldconstantandthevolume
flowwasvariedInstepsfrommaximumflowtoheavypulsaticm.At
allpointsexceptthatforthelowestp~essureratioatmaximum
flow,a dischargepressureof39.50inchesofimerc:wyti”bSOIU’hwas
maintained,Theram@ ofequivalenttipspeed~was900to1600feet
persecondforimpellersA andB, and8Q0to1500feetporsecond ,
forimpellerC. “

.—

smm.s

Thesymbolsusedinthisreportarelistedhereforconvenience:

D2

Pt,l

Pt,2

Pt,2/?t,l

Qt,l

Qt,l/fl D22

%,1
u.

u/@

Vad

6

impeller-dischargediamater,feet

inletstagnationpressure,inchesofmercuryabsolute

dischargestagnationyresaure~inchesof-mmcury
abeolute

prescureratio

volumeflow~asedon inletstagnationconditiou,cubic
feetperminute

specificcapacitycorrectedto sea-levelconditions,
cubicfeetiperminutepersquarefoot

inletstagnationtenipei’ature,%?

actualimpellertlp~peed,feetpersecc.nd

equivalenttipspeed;actualtl.p
sea-levelconditions

adiabatictemperature-riseratio

ratioofactualinletstagnation
NACA~ea-leveltempe::ature

speedccrrectedto

oradj.abaticeffiictency

temperatureto stand&rd

●

.

—

—

r
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RESULTSANDDISCUSSION

ImpellerEfficiency

Thevariationof~eakadiabaticefficiencywithequivalenttip
speedforthethreeimpellersis comparedinfigure6. At an equiv-
alenttipspeedof 900feetpersecond,impellerA hada peakadia-
batloefficiencyof 0.78,andthepeakadiabaticefficiencydecreased
to0.77at an equivalenttipspeedof 1100feetpersecond,to 0.69
at 1400feetpersecondandto0.56at 1600feetpersecond.The
rateof changeinpeakadiabaticefficiencywasgreatestbetween
equivalenttipspeedsof 1400and1500feetpersecondforimpellerA,

At an equivalenttipspeedof900feet~r second,impellerB
hada peakadiabaticefficiencyof 0.82andthepeakadia%aticeffi-
ciencydecreasedto0.78at an equivalenttipspeedof’1100feetper
second,to 0.67at 1400feetpersecond,andto 0.53at 1600feet
persecond.Therateof changeinpeakadiabaticefficiencyfor
impellerB waegreatestbetweenequivalenttipspeedsfrom1300to
1400andfrom1500to 1600feetpersecond.

At an equivalenttips~ed of 800feetpersecond,impellerC
hada peakadiabaticefficiencyof 0.80andthepeakadialaticeffi-
ciencydecreasedto 0.75atan equivalenttipspeedof 1100feetper
second,to 0.59at 14(X)feetpersecond,andto 0.54at 1500feet
persecond.Thepeakadiabaticefficiencyof impellerC decreased
abruptlybetweenequivalenttipspeedsof 1200and1300feetper
second.

ImpellerB,withtheellipticalbladecurvature,kd thehighest
peakadiabaticefficiencyat allequivalenttipspeedsexcept1400and
1600feetpersecond.lhpellerA,wtththeparabolicbladecurvature,
decreasedinpeakadiabaticefficiencyatapproximatelythesamerate
as impellerB, andthegreatestdifferencebetweenthemak adiabatfc____
efficiencyofthetwoimpellerswas0.04atan equivalenttipspeed
of 900feetpersecond.At equivalenttipspeedsof 1400and
1600feetpersecond,impeHerA hadthehighestpeakadiabaticeffi-~
ciencyofthethreeimpellers.EnpellerC,withtheciroularblade
curvature,hadthelowestpeakadiabaticefficiencyat equivalent
tipspeedshigherthan1000feetpersecond.Up to an equivalent
tipspeedof 1200feetpersecond,theyak adiabaticefficiencyof
impellerC wasnomorethan0.03lowerthanthatof impellerB,but
at equivalenttipspeedsof 1300feetpersecondandhigher,the~ak
adiabaticefficiencyof impellerC was0.08to0.10belcwthatof
ImpellerB.



EnergyAdditionandPressureRatio

A comparisonoftheslipfactorsat peakadla%aticefficiency
ofthethreeimpellersovertherangeofequivalenttipspoodsis
showninfigure7. Theslipfactorisdefl~das theratioofthe
cmergyimpartedto @ airto@ energythatwouldbe impartedM
theairweredischargedwitha tangentialvelocitycompormntio~uil
to theperipheralvelocityof’theImpeller.“ThisfactorISPropor-
tionalto-theactualenergyadditionimpartedto theafrby each
impeller.ImpellerC consistentlyhadthehighestslipfactorof
allthreeimpellersandthereforethehighestactualenergyaddit-
ion at all.equivalenttipspeeds.ImpellerA hadthebwcst slip
factorat--allequivalenttipspeedsandthereforethelowestactual
energyaddition,Thisorderisinagreementwiththat.previously
detemninedfroma considerationoftheimpellerdesigns.Theulip
factorsof imyellersA and33weremuchclcseTtoe.zchotherthan
eitherof.themwastotheslipfactorof ImpellerC. Thoslip
factorsofallthreeimpellerstendedto increasewithoquivalont
ti~speed.

Thepressureratiosatpeakadiabaticefficiencyforthethree
impellersarecompared.atvariousequivalenttlpepeedetnf~mre 8S
Foreachof theidmea.impellers,thepressure-o fm t~ F~ak
adiabaticefficiencyata givenequivalenttipspeedwaswithin
1 percentof themrre@ondingpeakpress~ol%ztio.~polleyC had
thehighestpressu~ratioat.allequivalenttipspeedsUp to
1200feetpsrsecond.Thepressureratio-variedfrom1.91at
900feetpersecondup to2.72at 1200feetpersecond.MpcllerB
hadthesecond-highestpressureratioatallequivalenttipspeeds
up to 1200-feet–persecond,iritha pressureratio-of.1.82at
900feetpersecondUptoa pressureratioof 2.61at 1200footFor
second.ImpellerA hadthelowestpressure”ratioavertherangeof
equivalentti~speedsfrom900to 1300feetporsecond}witha Pre~-
sureratioof 1.77at 900feetpersec~danda pressureratioof
2.50at 1200fed persecond. .. .,

@ toan equivalenttipspeednf 1200feetporsecod,thePre~-
suroratio=ofallthree.impell.er~increasedwi-thcquival.enttip
speedatapproximatelythosamerateandtherelationbekwwnthe
pressureratiosofthethreoimpell~rswasunchaw=ed,At equivalent
tipspeedshigherthan1200.feetpersocand,theZ’ektion~tw~~n
thepreesureratios.ofthethreefmpellerscqed fregJently.At
an equivalenttipspeedof.BOO feetparsand} theWG~G~~ ra~lo
at peakadiabaticefficie-ncyof impollorsAJ B, andC ~S ~4B5JZ99Zj
and2.87,respectively;at 1400feetl?ersecond,itwas5.21,3.13,
and3.05~respectively;at 1500feettir66imd,it-S 3.21J3.371
and3.21,respectively.

—
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Therateof imreaseinpressureratiowithequivalenttip
speeddrop~edto zerofortipellerA between1400and1500feet
secord;itdecrea9edinTdlueforimpelltmC at 1200feetper
secondhand.i.tdr~ppedofftncree~inglyat equivalenttipspeeds

9

per

~bove~300feetpersecondfor‘impejler3. ‘Thovariati~nofpres-
sureratiaatpaakadiabaticefficiencywithequivalentttpspeed
wasmorenearlythesameforthebhreeimpellersthanwaathevaria-
tionof slipfactororpeakadiabaticefficiencywithequivalent
tipspeed.

FiiowCha22actcmistics

Themaximumspecificcapaaityincreasedwithincreasingequiv-
alenttipspeedatnear~vthesamerateforallthree~pellers
(fig.9). ~pellerC hadthehighestmaximumspecificcapacity,
whichvariedfrom6850to 7925cubicfeetperminutepersquare
footat equivalenttipsp=edsfrom8C0to 150Qfeetpersecor-,
respectively.~pellerB, whichhadnearlythesamamaximum
specificcapacityas tmpellerC,variedfrom6650to 7904cubic
feetperminutepersquarefootat equivalenttipspeedsfran
800to 1500feetpersecond,respectively,andto 7984cubicfeet
perminutepersquarefcotat 1600Teetpersecond.ImpellerA
hadthesmallestnaxtiumspecificcapacity,whichvariedfrom
6100to 7500cubicfeetperminutepersquarefo6tat equivalent
tipspeedsfrom800to 1600feetpersecond,respectively.
lhpellerC withthehighestinitialbladeloadinghadthehighest
maximumspect?iccapacityofthethreeimpellersandtipellerA
withthelowestinitialbladeloadi~hadthelowestwitha maximti
speciftccapacity6 to 11percentsmallerthanthatof impellerC.

OperatixRange —.

Theperformancecharacteristicsof impellersA,B, andC are
presentedinfigure10,wherethepressureratiosat eachequiva-
lenttipspeedareplottedagainstspecificcapacity.Contour
linesof constantadiabaticefficiencyarealsoshownonthese
figures.Fora comparisonof theperformanceoftheseimpellers,
theusefuloperatingrangeisdefinedas therangeof specificcapac- ‘“
ityinwhichtheadiabaticefficienciesaregreaterthan.O.70.“These
operatingrangee are determinedfromfigure10. Theueefuloperating
rangeat anyconstantpressureratiowilllie”withinthe0.70adfabatic-
efficiencylinesorbe limitedontheminimumendby theoccurrence
of surge.Theoperatingrangesat adiabaticefficienciesabove .—
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0.70forpressureratios
IersA, B, andC follow:

NACATl?No.~13

ofl.~, 2“.20,2.60,ad 3.00for~1-

1Pres-Specf3?ic0apacitiet3at upperandlower
sure llmitof:operatingrange
ratio‘—-—Impeller‘~filler B IImpellerC
1.80 2800-6200 3000-6700 4750-6500
2.20 3800-6500 4500-705055G0-6750
2.60 4700-67005400-71506250-66S0
S,oo 5750-6700----___-..---“.------------

At a pressureratioof 1.60,impellerB hadthegreatestoperating
rangeofallthreeimpellersbut,at pressureratio~of2.20and
above,impellerA hadthegreatestoperatingrange.ImpellerC!had
a muchsmalleroperatingrangethaneitherimpellerA orB atpres-
sureratiosf~om1.80to3.00.NeitherimpellerB norC hadadia-
baticefficienciesashighas 0.70ata pressureratioof3.0.

At equivalenttipspeedsof1400and1500feetpersecond,the
closureofthethrottlesthatvariedthespecificcapacitywae
limitedby surgeforallthreeimpellers;thespecificcapacityat
surgewasthereforenearlythesameas themaximumspeclflccapaoityi
whichresultedinvirtuallynodefinableoperat5.ngrangeat these
speeds.ImpellerB exhibitedan operationalInstabilitynearthe
maximumspecificcapacityat equivalenttipspeedshigherthan
1300feetpersecondandImpellerC,a similarinstabilityat 1200
and1300feetpersecond.Theparametersorpessureratioandspe-
cificcayacityareinadequatetodescribethc~impellerperformance
inthisinstabilityregionwhenseveralspeedsareplottedon the
samefigure.Thehighestfourspeedsof impellersB andC are
plottedseparatelyinfigures11and 12, re~pective~,on thespecifi.c-
capacityandpressure-ratioparameters;thedashedlinesshowthe
extentoftheoperationalinstability,whichwascharacterizedby low-
fuequencyjhigh-amplitudepulsationsoftheinletanddischargepres-
suresandby Inflectionpointeontheperformmcecurves.Thedata
intheregionofoperationalinstabilityweretakenat-points
relativelyfreefrompressurepulsation.

●

●

.-

.

-.

r

—

An impellertestedat theClevelandlaboratorywa~alsofound
tohavevirtuallyno def$nableoperatingrangeat highepeeda.Wtth

.—

theaidofa surgeinhibitor,a stableoperatingrangewasfoundat
higherpressureratiosthanthoseatwhichsurgeoccurredwithout
theinhibitor.Thesurgeinhibitorprovideda meansofpassingthrough i

1
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anunstableoperatingregionthatwassimilarinmanyrespectsto
theunstableoperatir.regionsencounteredwithimpellersB andC.
Probably@tableoperat~ rangesatpressureratioshigherthan
thoselimitedby surgealsoexistfortheimpellersofthisinvesti-
gation.Boththeoperationalinstabilityandthelackofan
appreciableoperatingrangeoccurredonlyathighequivalenttip
speeds;theveloc~tygradientsalongthemeanflowpathofthe
‘impellerat thesespeedsweregreaterthanthemaxi.mkvalueasmmed
inthedesignofthepassageareaofthese~pellers.

SUMMARYOFRESULTS

An investigationoftheeffectofangularcurvatureorrate
ofaddingangularvelocity,of impellerbladeshasshownforthe
threebladeformstested:

,
1.TmpellerB, withtheellipticalbladecurvature,hadthe

highestpeakadiabaticefficiencyatalloftheequivalenttip
speedsexcept1400and1600feetpersecond.EupellerA,withthe
parabolicbladecurvature,hadthehighestpeakadiabaticefficiency
at equivalenttipspeedsof 1400and1600feetpersecond.
EnpellerC,withthecirculazzbladecurvature,hadthelowestpeak
adiabaticefficiencyat equivalenttips2eedehigherthan1000feet
persecond.Fortherangeoftipspeedsinvestigated,allthree
imFellersdecreasedinadiabaticefficiencywithincreasingtip
speed.

2,llupellerC hadthehighestslipfactorofallthreeimpellers.

3.Thevariatimofpressureratioat peakadiabaticefficiency
withequivalenttipspeedwasmoreaearlythesameforthethree
tipellerethanthevariationof slipfactorandpeakadiabatic
efficiency.13npellerC hadthehighestpressureratiosat.equiva-
lenttipspeedsas hfghas 1200feetpersecotizImpellerB b~dthe
highestat 1300and1500feetpersecondhandhpellerA hadthe
highestat 1400feetpersecond. .

4. ImpellurC hadthehighestmaxbnwnspecificcapacityatall
equivalenttipspeedsup to 1500feetpersecond.Eq?ellerB had
nearlythesamemaximumspecificcapacityas ~hnpeilerC and
impellerA hadamaximumspeclfi.ccapacity6 to 11percentmailer
thanthatofimpe?.lerC.

A

-i
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5.ImpellerB hadthelargest
sureratioof 1.80;impellerA had
betweenpressureratiosof2.20to
smallestusefuloyeratingrangeat

NACATNNo.1313

usofuloperatingrangoata pros-
thelargestusefuloporatingzangg
3.00;andim~ellevC hadtha
allpreeeureraz~.os.

—.

●

●

6. ImpellftrsB andC exhibitedan operationalinstabilityat
highequivalenttipspeedsnearthemaximumspeciii.ccapacity.

FlightPropulsionResearchLaboratory,
NationalAdvisoryCoTumi%teoforAeronautics,

Clevelanfi,Ohio,Ftibruary21,3.947.
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Figure 1. - Axial-plane section of im~llers A, B, and C. All dlmens~ons in
Inches.



NACA TN No. 1313 Fig. 2
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Figure 2. - Front view of impellers.
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(a) Blade curvature on surface [b) Portion of blade surface
used by impeller.of cyl inder.

Figure 3. - F/elation of blade curvature to impeller A.
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Figure 4. - !khematlc vfew of compressor.
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Figure 5. - Setup of equi pment. .
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NACA TN tiO. 1313 Figs. 6,7

4

g
r-

.+

“,

NATIONALADVISORY
COMMITTEEFOR AERONAUTICS

.90
Impeller

2,=
.

~
u
G
*+
a .70
u
w
za.-
U 1
*
x
● .m >

z
1

. r1

.50
600 800 1000 K200 1400 i60o

Equivalent tip speed. WV%, ft/sec

Figure 6. - Comparison of peak adiabatic efficiencies,
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Figure 7. - Comparison of siip factors at peak ~diabatic efficiency.



Figs. 8,9 NACA TN No. 1313
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Figure 8, - comp~rl~on of preesure ratios at peak edlabatlc ●fflclency.

NATIONALAOVISORY
COMMITTEEFOR AERONAUTICS

?

~ 0000+*=
-c
~ “g

3;

g37Km ‘
~jj

i% ImpelI*I’

i!p ‘
a

$’
Sc

9000400 Soo 1200 1600
15wlV81Qnt tip speed U-, ttl$ec

,

“r

I

t

I

L



NACA TN NO. 1313 Fig. .lOa
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(a} Impeller A.

Figure 10. - Performance characteristics.of impellers.
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Figure 10. - Cont)nued. Performance characteristics of Impellers.
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